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Abstract 
In this paper, it presents the fully CMOS biomedical sensor with in situ gold reference 
electrode in the chip. The traditional Ag/AgCl reference electrode is too large to form a biomedical 
microsystem. Using the on chip gold reference electrode to replace the Ag/AgCl reference electrode 
has been studied. The ISFET device with native aluminum oxide is used to detect the hydrogen ions. 
The shape of gold reference electrode is important to get the stable results. To place the surrounding 
gold reference electrode nearby the sensing membrane is better than the bar-type gold electrode. 
The sensitivity and linearity of this pH sensor with in situ surrounding gold reference electrode are 
56mV/pH and 0.975, respectively. This work demonstrates the optimum gold electrode could be 
integrated into CMOS-based biomedical sensors and performs the good results.  
1. Introduction  
The ISFET is constructed by substituting a sensing film for the gate material on the gate oxide 
of a traditional metaloxide-semiconductor field-effect transistor (MOSFET). The MOSFET is used 
as a transducer for sensing the ionic concentration. Many hydrogen ion sensing gate materials are 
used for ISFET, for instance, α-Si:H, Si3N4, Ta2O5, Al2O3, SnO2. These sensing thin films can be 
prepared by using different methods, such as sputtering, sol-gel, thermal evaporation and plasma 
enhanced chemical vapor deposition. ISFETs can be applied for sensing hydrogen ion, potassium 
ion, sodium ion, urea, penicillin and even acetylcholine [1-4]. Spiegel et al. presented an extended 
gate field effect transistor (EGFET) [1]. In the structure, an extended metal electrode, on which a 
sensing membrane is coated, is interconnected to the gate electrode of a MOSFET. With the 
topology, the sensing area can be increased and is not constrained by gate size. The Ag/AgCl 
reference electrode is necessary in this sensing system. However, it is huge comparing with CMOS 
IC chip. In order to realize a micro biomedical sensing system, integrating the reference electrode 
into the CMOS chip is important. In this paper, a native alumina, Al2O3, was used as a sensing 
membrane for detecting pH value of a solution. The naturally formed oxide was very thin. In 
addition, the in situ gold electrode is integrated in the chip too. Comparing with other approaches, 
this micro sensing system gets the comparable results. 
2. Experiments and discussions  
To replace the Ag/AgCl reference electrode, the on chip gold electrode was implemented by 
0.35um CMOS BioMEMS process [5] in this work. Figure 1 shows the testing scheme with the 
chip cross section. Traditionally, the Ag/AgCl reference electrode is used in the biomedical system, 
which is shown in figure 1(a). In the figure 1(b), the gold reference electrode is implemented nearby 
the sensing area to replace the Ag/AgCl electrode. We had demonstrated that the naturally form 
Al2O3 above the metal layer is a good sensing membrane for hydrogen ion detection [6]. The 
similar sensing membrane and NMOS with 1um channel length, 25um width and 80 fingers are 
used in this ISFET. 
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Fig. 1: The scheme of chip cross-section (a) used the Ag/AgCl reference electrode,  
(b) used the gold electrode.
In this study, the bar-type of in situ gold electrode beside the sensing area was tried first. The 
sensing current was not stable due to the non-uniform electrical field. Then, the surrounding shape 
of gold reference electrode is placed nearby the sensing membrane to have the uniform electrical 
filed. The chip photo is shown in figure 2. The sensing area is 500x500um2 and the width of gold 
electrode is 50um. Four types of gold electrodes were designed. The distance from gold electrode to 
the edge of sensing membrane is changed from 50um to 200 um. The sensitivity could achieve 
56mV/pH which is shown in figure 3. The results are similar in these four in situ gold reference 
electrodes. Thus, one can use the short distance to save the chip area. This result is comparable with 
the previous result used the external Ag/AgCl reference electrode [6]. 
Fig 2: The chip photo of CMOS biomedical sensor with surrounding gold reference electrode. 
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Fig. 3: The sensitivity of pH value by using in situ surrounding gold reference electrode.
Higher sensitivity, simple process, and micro system are key factors of a good pH sensing 
system. Georgiou et al. used CMOS passivation Si3N4 layer directly to be the sensing membrane [8]. 
The sensitivity is around 37mV/pH since the thick passivation layer. Using the Ta2O5, SnO2 as the 
sensing membranes could make the higher sensitive pH sensor. However, these dielectical films are 
not comparable in CMOS process. It is needed to have the additional process to deposit Ta2O5 or 
SnO2. For reference electrode, the external Ag/AgCl electrode is used in the pH sensor system 
usually. Yang et al. had used the additional process to deposit the platinum in chip to be the 
reference electrode. In this study, the sensing membrane and reference electrode of ISFET are 
implemented by 0.35um CMOS BioMEMS process without any additional process. With native 
aluminum oxide and the surrounding in situ gold reference electrode, the single chip solution
demonstrated the similar pH sensitivity results compared to other approaches (Table 1). 
Table 1: The different approaches on pH ISFET with different sensing membranes and reference 
electrodes 
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3. Conclusions  
The pH value is a key factor in urine detection. In order to form a micro biomedical system, the 
traditional Ag/AgCl reference electrode is replaced by the on chip gold electrode in this study. The 
surrounding gold electrode can perform uniform electric filed to have the stable ISFET current. The 
native alumina, Al2O3, was used as a hydrogen ion sensing membrane in ISFET without additional 
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dielectical layer deposition process. The sensitivity is 56mV/pH in this CMOS biomedical sensor 
with nature formed alumina and in situ surrounding gold electrode. This micro biomedical sensor is 
suitable for the biomedical application. 
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